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Introduction 


This  report  sunmarlzes  the  research  under  Contract  NOOOIIV-78-C-OIU7 
during  the  period  1 January  1978  through  28  Februaiy  1979*  This  work  Is 
a direct  continuation  of  research  carried  out  under  Contract  K00014-71-C-0176 
described  In  Fluorochem  Report  No.  0NR-l-7>  January  1978. 

The  objective  of  this  program  Is  to  develop  new  synthetic  methods  for 
classes  of  compounds  with  potential  utility  In  high  energy  propellants  and 
explosives.  Emphasis  was  continued  on  studies  of  the  chemistry  of  2-fluoro- 
2>nltro-l, 3-propeuiedlol  and  related  compouzids,  and  on  polymerization  studies 
of  nltrooxetanes  and  epoxides.  A msuiuscrlpt  on  Michael  reactions  of  nitro 
coD^unds  with  methylenemalonates  comprises  Appendix  A of  this  report.  The 
products  are  potentially  useful  nltrooxetane  Intermediates.  , 

Publications  during  this  report  period  include: 

D.  A.  Lerdal  and  K.  Baum,  "Synthesis  of  Bi8(3, 3-dinltrobutyl}poly- 
siloxanes",  J.  Organomet.  Chem. , 139,  251  (1978). 

K.  Baum  and  A.  M.  Guest,  "MLchael  Reaction  of  Methylenemalonates  with 
ifltro  Compounds",  Synthesis,  In  press. 
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A.  Chemistry  of  2-Fluoro-2-oltro-l. 3- propanediol 

lu  the  preceding  report,^  a practical  synthesis  of  2-fluoro-2> 
nitro-l,3-propaoediol  from  diethyl  fluoronltromalonate  vas  developed.  Reac- 
tion of  the  monotosylate  of  this  diol  vith  base  gave  the  Interesting  diiner> 
2,6-dlfluoro-7-hydroxy-2,6-dlnitro-4-oxa-l-heptyl  tosylate,  while  treatment 
of  the  monotrlflate  of  2-fluoro-2-nltro-l,3-proi»nedlol  with  base  afforded  3-flu- 
oro-3-Dltrooocetane.  The  phosphorous  pentafluoride  catalyzed  polymerization 
of  3-l“luoro-3-nitrooxetane  in  toethylene  chloride  gave  poly  (3-fluoro-3-nltro 
trimethylene  ether) as  a crystalline  solid.  The  polymer  was  shown  to  be  a 
diol  of  molecular  weight  2^00. 
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The  mechanism  of  the  dimerization  of  the  monotosylate  was  of  in- 
terest. The  corresponding  dltosylate,  GyHYS0^0CH2CP(N02)CH20S02a^»  added  to 
the  mixture  did  not  take  part  in  the  reaction^  although  the  tosylate  groups 
in  the  two  coiiQx^unds  %rould  be  expected  to  be  chemically  similar.  The  reac- 
tion thus  did  not  appesur  to  be  a sliqple  nucleophilic  displacement. 

Radical  anion  intermediates  have  recently  been  found  to  be  in- 
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volved  in  a number  of  nitro  coiQ>ound  displacement  reactions,  and  the  pos- 
sibility vas  considered  for  a nitro  radical  anion  activating  the  tosylate 
group.  However,  the  usual  tests  for  this  mechanism,  such  as  the  Inhibiting 
effect  of  protection  from  light  and  the  addition  of  p-dlnltrobenzene,  did 
not  Influence  the  coiu'se  of  the  reaction. 

Another  mechanism  that  vas  considered  Is  the  deformylatlon  of  2- 
fluoro-3-hydroxy-2-nltro-l-propyl  tosylate  to  the  nltronate  salt.  The  loss 
of  tosylate  Ion  would  give  l-fluoro-l-nitroethylene,  which  can  undergo 
Michael  addition  of  the  alcohol.  This  mechanism  resembles  that  of  1-bromo- 

1,1-dlnitroethyl  acetate  reactions  in  which  dinitroethylene  is  an  interme- 

6,7 

dlate.  The  reported  absence  of  deformylatlon  of  2-fluoro-2-nitro-l, 3-pro- 

8 

panedlol  In  strong  base  argues  against  this  mechanism. 

Nevertheless,  an  experiment  vas  carried  out  In  which  an  equal  vol- 
ume of  formalin  vas  added  to  a reaction  mixture  similar  to  that  which  gave 
the  dimer.  It  vas  reasoned  that  the  loss  of  formaldehyde  In  the  second  step  in 
the  sequence  below  would  be  inhibited  by  a mass-action  effect  of  excess  form- 
aldehyde. 
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It  vas  found  that  the  addition  of  formaldehyde  resulted  in  a 73^  conversion 
to  dimer  in  6 hours,  whereas  in  the  absence  of  formaldehyde,  the  reaction 
was  100^  complete  in  1^  minutes.  A mechanism  involving  fluoronltroethylene 
as  an  intermediate  is  also  in  agreement  with  the  unreactlvlty  of  the  dltosyl- 

ate. 


Other  displacement  reactions  of  the  monotosylate  were  subsequent- 
ly found  that  confirmed  this  reaction  course.  Thus,  when  the  monotosylate 
was  reacted  with  five  equivalents  of  the  sodium  salt  of  dimethylnalonate  in 
DMF,  there  was  obtained  a 22$  yield  of  dimethyl  (2-fluoro-2-nitroethyl)nBlo- 
nate  and  a 5^  yield  of  dimethyl  (2-fluoro-3-hydroxy-2-nitropropyl)malonate. 


F F F 

I I I 

H0Ca2-C-CH20Ts  + llaCB(002M8)2  — > H-C.CB2aH(002M5)2  + HCH2C-C-CH2-CH(002Me)2 

IW2  **^2  *»2 

Apparently,  most  of  the  formaldehyde  generated  from  the  monotosylate  is  lost 

I' 

by  reaction  with  the  excess  malonate  salt,  and  a direct  addition  product  of  j 

fluoronltroethylene  is  observed.  Also,  sodium  methoxide  in  methanol  was  found  I' 


to  give  2-fluoro>2-nltro-3*niethoxy-l-propanol  from  the  nonotosylate  %^ereas 
the  dltosylate  vas  Inert.  This  work  is  being  extended  to  the  exploration  of 


other  potentially  useful  reactions  of  fluoronitroethylene. 

The  fact  that  3-Tluoro-3-nitrooxetane  is  formed  from  the  monotri- 
flate  and  not  from  the  monotosylate  is  attributed  to  the  more  reactive  leav- 
ing group  of  the  former.  The  initially  formed  alkoxide  cyclizes  more  rapidly 
than  it  can  undergo  the  equilibrium  deformylation. 

In  an  effort  to  define  further  the  reactivity  of  fluoronitro  tri- 
flates,  2-fluoro-2-nitro-l,3-propylcne  dltriflate  vas  reacted  with  excess  2- 
fluoro-2,2-dlnltroethanol  and  KOH  in  dloxane-formalin.  A 22^  yield  of  1,3- 
bl8(2-fluoro-2,2-dlnitroethoxy)-2-fluoro-2-nltropropane  was  obtained.  This 
energetic  ether  is  a solid,  op  ^2^C. 


r 
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Our  preparation  of  the  basic  starting  oaterlal  in  this  ai*ea,  2- 
fluoro-2-nltro-l,3-proi»n*diol>  Involves  the  reaction  of  diethyl  fluoronltro- 
malonate  with  formaldehyde.^  In  order  to  provide  larger  quauitlties  of  2- 
fluoro-2-nltro-l,3-propanedlol  an  lnQ>roved  synthesis  of  diethyl  fluoronitro- 
nalonate  was  desired  as  veil  as  em  improved  conversion  of  the  malonate  to  the 
dlol.  Reaction  of  diethyl  bromonltromalonate  with  two  equivalents  of  KF  in 
DMSO  at  100®C  for  3 hrs  led  only  to  decomposition.  However,  reaction  of  diethyl 
bromomalonate  for  1^  hrs  using  the  above  conditions  afforded  a 76^  yield  of 
diethyl  fluoromalonate.  An  initial  attempt  to  convert  diethyl  fluoromalonate 
to  diethyl  fluoronitromalonate  using  100^  ^^3  methylene  chloride  failed. 
Starting  material  was  recovered  along  with  a small  amount  of  diethyl  malonate. 
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Inqprovement  was  obtained  in  the  conversion  of  the  fluoronltro- 
oalonate  to  the  dlol.  It  was  found  that  idien  an  ethanolic  solution  of  diethyl 
fluoronitromalonate  was  treated  with  ethanolic  KQH  at  -lO^C,  followed  by  the 
addition  of  formalin,  a TOjt  yield  of  2-fluoro-2-nltro-l,3-propanedlol  was  ob- 
tained. An  attempt  to  reduce  the  ester  groups  of  diethyl  fluoronitromalonate 
with  sodium  borohydride  in  aqueous  THF  to  give  2-fluoro-2-nltro-l,3-propane- 
dlol  was  not  successful.  Only  decomposition  of  the  malonate  resulted. 
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PxirlficatlOD  of  2-fluoro-2-nltro-l, 3-propanedlol  Is  difficult  be- 
cause of  its  high  boiling  point  and  tendency  to  oil  during  recrystallizations. 
The  use  of  silyl  protective  groups  was  investigated.  Reaction  of  2-fluoro-2- 
nltro-1, 3-propanediol  with  hexamethyldisllazane  in  refluxing  ether  in  the 
presence  of  a catalytic  amount  of  ammonium  sulfate  afforded  a 9^^  yield  of 
l»3-bl8(trliDethylBllyloxy)-2-fluoro-2-nitropropane.  Treatment  of  the  bls- 
(trlmethylsllyl)  derivative  with  a solution  of  5^  trlfluoroacetlc  acid  in  me- 
thanol for  2.5  hrs  at  room  temperature  allowed  recovery  of  2-fluoro-2-nltro- 
1, 3-propanediol  in  86^  yield.  The  bi8(trlmethylsilyl)  derivative  will  be 
used  for  purification  of  crude  dlol. 
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Since  2-fluoro-2,2-dlnltroethanol  (FDNE)  is  available  in  quanti- 
ty, routes  to  2-fluoro-2-nltro-l, 3-propanediol  from  FDNE  were  investigated. 

9 

In  this  connection  Adolph  reported  the  following  unexpected  elimination  and 
addition,  as  a result  of  an  attempted  methoxide  displacement  of  fluorodinl- 
troethyl  tosylate. 
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This  sequence  would  accomplish  our  desired  reduction.  Addition  of  formalde- 
hyde to  the  CS  is  facile,  and  substitution  of  the  blocked  aldehyde  function 
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by  formaldehyde  should  be  similar  to  the  formylatlon  step  In  our  n&looate 
process.  Reactions  of  both  fluorodlnltroethyl  trlflate  and  fluorodlnltro- 
ethyl  tosylate  with  solutions  of  sodium  hydroxide  In  formalin  were  therefore 
examined.  In  both  cases  the  fluorine  NMR  spectra  of  the  neutralized  aqueous 
solutions  essentially  showed  only  2-fluoro-2-nltro-l,3-propanedlol.  Ibe  pro- 
cess was  simplified  further  by  synthesizing  fluorodlnltroethyl  tosylate  In- 
Bltu,  avoiding  Its  Isolation.  Thus,  tosyl  chloride  was  added  to  a solution 
of  FDNE  In  alkaline  formalin  to  give  the  dlol  directly. 
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B. 


Dlnltrooxetane  Studies 
The  successful  synthesis  of  3-fluoro-3-nltrooxetane  led  us  to  In- 
vestigate the  synthesis  of  the  more  energetic  monomer,  3,3-dlnltrooxetane. 

It  was  realized  that  the  Inhibiting  effect  of  fluorine  on  the  acidity  of 
nltro  compounds  and  on  deformylatlon  facilitates  the  cycllzatlon,  but  buffer- 
ing might  promote  sufficient  Ionization  of  the  alcohol  for  cycllzatlon  without 
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effectlog  defongylation. 
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The  synthesis  of  2,2-dinltro-3-hydroxy-l-propyl  trlflate  from  2,2- 
dlnitro- 1,3- propanediol  and  trlflic  anhydride,  vas  described  in  our  previous 
report.^  Its  reaction  vlth  one  equivalent  of  NaHOO^j  afforded  only  2,2-dl- 
nltro-1, 3-propanedlol.  The  saiae  result  vas  obtained  ^en  the  dlnltro  trlflate 
vas  reacted  vlth  a NaH00^-K200^  pH  9.75  buffer  containing  only  one  equivalent 
of  base.  Reaction  vlth  l^CO^  or  triethylamine  led  to  decomposition,  while  re- 
action with  pyridine  afforded  the  corresponding  pyridlnium  salt,  as  indicated 
by  NMR.  By  contrast,  the  reaction  of  2-fluoro-3-bydroxy-2-nltjro-l-propyl  trl- 
flate with  one  equivalent  of  1^00^  in  1:1  aqueous  dloxane  afforded  3-fluoro- 
3-nltropxetane  in  high  yield. 

HOo  HOp 

' HbHOO  • 

HOCH2-C.CH2OSO2CF3  HOCHg-C-CHpOH 

NO2  NO^ 


In  order  to  determine  if  3>3~dinitrooxetane  could  be  synthesized 
without  the  use  of  base,  some  model  studies  were  carried  out  with  2-fluoro-3- 
hydrt'ny-2-nitro-l-propyl  trlflate  to  simplify  product  Identification.  When 
this  nonotrlflate  was  refluxed  U hrs  in  1,2-dlchloroethane  or  chlorobenzene 
in  the  presence  of  sodium  sulfate,  the  monotrlflate  was  recovered  unchsuoged. 
However,  reaction  of  the  monotrlflate  for  5 brs  in  nitrobenzene  at  165°C  led 
to  complete  decomposition.  When  3-fluoro-3-nitrooxetane  was  refluxed  4 hrs 
in  chlorobenzene  in  the  presence  of  sodium  sulfate,  the  oxetane  was  i*ecovered 
unchanged.  Reaction  of  the  monotrlflate  with  one  equivalent  of  DBU  (l,^-di- 
azablcyclo-^5«4.(^  undec-5-ene)  in  ethyl  vinyl  ether  afforded  3-fluoro-3-nltro- 


oxetane,  indicating  that  a carbene  Is  not  an  Intermediate. 

In  order  to  Increase  the  thermal  stability  and  possibly  the  reac- 
tivity of  the  monotriflate,  the  corresponding  trlmethylsilyl  derivative  vas 
prepared  from  2:1  hexamethyldlsllazane- trlmethylsilyl  chloride.  After  the 
above  sllyl  derivative  vas  heated  at  reflux  for  15  hrs  In  carbon  tetrachlo- 
ride and  then  2 hrs  In  chlorobenzene.  It  vas  recovered  unchanged.  Refluxing 
the  sllyl  derivative  for  2 hrs  In  o-dl chlorobenzene  led  to  decomposition  of 
most  of  the  starting  material.  It  is  therefore  concluded  that  theire  Is  little 
promise  of  forming  3> 3-dinltrooxetane  by  thermal  ring  closure  of  2,2-dlnitro- 
3-hydroxy-l-propyltrlf late . 

Another  i)08sible  approach  to  3>  3-dinitrooxetane  is  from  3-hydroxymethyl- 
3-nltrooxetane.  mononitro  oxetane  might  be  synthesized  more  readily  by 
ring- closure  than  the  dlnitro  compound  because  of  less  tendency  to  deformy- 
late.  Under  more  strongly  basic  conditions,  however,  3 -hydroxymethyl- 3- nltro- 
oxetane  should  deformylate  to  afford  the  nltronate  salt  of  3-nitrooxetane, 
which  could  be  converted  to  3* 3-dinltrooxetane  via  oxidative  nitration. 

Reaction  of  2-hydroxyinethyl-2-nltro-l,3-propanedlol  In  ether-ethyl 
acetate  with  one  equivalent  each  of  pyridine  and  trlflic  anhydride  afforded  a 
12^t  yield  of  2-hydroxymethyl-2-nltro-l,3-propyleneditrlflate  and  a Ukf)  yield 
of  3-hydroxy-2-hydroxymethyl-2-nltro-l-propyl  trlflate. 

CHpOH  CBpOH  CH_OH 

. ^ (^^3802)20  t ^ I ^ 

H0ai2-C.CH20H  » HOCSp-C-CHpO-SOoCF,  + Cr,SOj,-OCH«-C-CHpO-SOoCF, 

i Pyridine  I ^ ^ ^ 

WOg  IIO2  HO^ 


Reaction  of  3-liydroxy-2-hydroxyinethyl-2-nltro-l-propyl  trlflate 
in  oqueouo  solution  with  one  equivalent  of  K2OO2  or  KOH  led  only  to  decompo- 
sition. The  same  result  was  found  when  the  above  monotriflate  was  reacted  in 
9il  methylene  chloride-acetone  with  one  equivalent  of  DBU  or  triethylamlne. 

HOCH2-C-CH2OSO2CF2  — > NO2 

HOg 

It  appears  that  the  ring- closure  of  the  n»notriflate  of  2-fluoro- 
2-nltro-l,3-propanedlol  is  a special  case,  made  possible  by  the  ability  of 
fluorine  to  inhibit  nitronate  ion  formation.  Consideration  was  next  given 
to  the  synthesis  of  an  amlnooxetane,  which  could  subsequently  be  oxidized  to 
a nltrooxctane . It  seemed  likely  that  the  rlng-closxxre  of  a suitably  pro- 
tected 2-amlno-l,3-propanediol  should  be  possible. 

Such  a protected  diol  is  4,4-bis(hydroxymethyl)oxazolidone,  and  the 
reaction  of  this  diol  with  one  equivalent  p-toluenceulfonyl  chloride  in  pyri- 
dine afforded  the  corresponding  monotosylate  in  4956  yield.  The  monotosylate 
did  not  react  with  one  equivalent  of  sodium  methoxide  in  DMSO,  and  reaction 
with  two  equivalents  of  DBU  failed  to  give  the  desired  oxetane.  Reaction  of 


^OH 


-OgSO-OCHg’ 


CSgOU 


DM50 
— > 
DBU 


4,4-bl8(hydroxymethyl)oxazolidone  with  one  equivalent  each  of  trlflic  anhy- 
dride and  triethylamlne  or  pyridine  in  either  1:1  DMF-methylene  chloride  or 
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9:1  dlglyoe-ether  did  not  afford  the  coiYespoDding  monotriflate. 

In  an  effort  to  determine  if  3-fluoro-3-Qltrooxetane  could  be 
converted  to  other  3-nitrooxetane8,  the  radical  anion  reaction  of  3-^luoro- 
3-nltrooxetane  with  the  lithium  salt  of  2>nltropropane  in  DMF  under  nitrogen 
vas  investigated.  After  6 hours  at  room  temperature,  the  oxetane  vas  re- 
covered unchanged.  Work  is  being  continued  on  the  synthesis  of  3)3-dinltro- 
oxetane  via  oxetane  precursors. 

C.  Polymerization  Studies 

The  polymerization  of  3-fluoro-3-nitrooxetane  catalyzed  by  phos- 
phorous pentafluoride  was  shown  in  the  previous  report^  to  give  a product 
with  a molecular  weight  of  2500,  a density  of  1.59^  ® exotherm  onset  of 
290°C  and  a melting  point  of  23*^°C. 

With  the  objective  of  preparing  similar  polymers  with  lower  melt- 
ing points,  copolymerization  studies  were  initiated.  A readily  available  co- 
monomer for  this  purpose  appeared  to  be  fluorodlnitroethyl  glycldyl  ether, 

which  is  prepared  by  the  reaction  of  FDNE  with  epichlorohydrin  in  aqueous  al- 
10 

kaline  solution.  The  polymerization  of  this  epoxide  has  been  studied  exten- 

11 

sively  with  BFj  catalysis,  and  the  major  problem  with  this  system  has  been 
poor  functionality  without  trlol  initiation.  The  effectiveness  of  phospho- 
rous pentafluoride  for  the  polymerization  of  3-fluoro-3-nltrooxetane  prompted 
us  to  investigate  its  use  for  the  homopolymerizatlon  of  2-fluoro-2,2-dlnltro- 
ethyl  glycldyl  ether,  as  well  as  for  copolymerization  with  3-fluoro-3-nitro- 
oxetane.  This  epoxide  was  found  to  be  considerably  more  reactive  than  the 
oxetane  toward  PF^;  the  epoxide  required  only  a trace  of  catalyst  at  -78° » 
whereas  the  oxetane  required  a relatively  large  amount  of  catalyst  to  give 
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polymerization  at  ambient  temperature. 

In  the  initial  experiment,  the  reaction  of  2-fluoro-2,2-dlnltro- 
ethyl  glycldyl  ether  in  methylene  chloride  vas  conducted  with  a catalytic 
amount  of  phosphorous  pentafluorlde  for  ^ min  at  and  the  mixture  vas 

varmed  to  room  temperature  and  quenched  with  methanol.  Starting  material  was 
consumed  completely,  and  column  chromatography  separated  the  product  into 
three  components.  The  material  first  eluted  had  a molecular  weight  (VPO)  of 
380  and  the  NMR  spectra  Indicated  only  -(2l2-CH-CK2-0-CH2C(F)(  1*02)2  hydrogens. 
This  material  therefore  appears  to  be  2,5-blB(2-fluoro-2,2-dlnitroethoxy- 
methyl)-l,4-dioxane.  The  material  next  eluted  liad  a molecvQar  weight  of  730 
and  the  NMR  spectra  indicated  a trimer,  which  is  capped  on  one  end  by  a meth- 
oxy  group.  The  material  last  eluted  from  the  cliromatography  column  had  a 
molecular  weight  of  1100,  and  its  NMR  spectrum  vas  consistent  with  the  ex- 
pected oligomeric  diol  structure. 

The  hydroxyl  hydrogens  of  these  materials  were  not  observed  di- 
rectly in  the  NMR  spectra.  The  determination  of  functionality  of  oligomeric 
diolB  is  generally  a difficult  analytical  problem  and  other  laboratories  have 
recently  reported  conflicting  data  using  standard  wet- chemical  procedures. 

We  therefore  investigated  an  NMR  procedure  based  on  sllylatlon.  Trlmethyl- 
Bilylation  of  hydroxyl  groups, 

ROH  + XSi(ca2)3  > R0Si(  083)3 

ioiproves  sensitivity  by  amplifying  the  number  of  protons  under  question  by  a 
factor  of  9*  The  sllyl  protons,  unlike  hydroxyls,  appear  in  a region  of  the 
spectrum  free  of  interfering  signals.  Traces  of  water  in  the  scu&ple  are  con- 
vex^ed  to  volatile,  easily  removable  materials.  The  feasibility  of  this 
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analytical  technique  vas  demonstrated  vlth  a simple  con^und  having  hydroxyls 
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similar  to  those  of  the  polymer,  3-(fluorodlnitroethoxy)-l,2-propanediol, 

FC(  MO2  )2  CH2OCH2  ai  ( OH ) CE2OH . 

The  above  oligomers  of  730  and  1100  molecular  weight  were  tri- 
methylsilylated  with  hexomethyldisilazane  and  trimethylsilyl  chloride.  Inte- 
gration of  the  trimethylsilyl  protons,  con^pared  to  the  2-fluoro-2,2-dlnitro- 
ethyl  methylene  protons,  showed  that  the  original  730  molecular  weight  mate- 
rial had  an  equivalent  weight  (per  hydroxyl)  of  725>  and  the  1100  molecular 
weight  material  had  an  equivalent  weight  of  505 • Therefore,  within  experi- 
mental error,  the  former  is  a monofunctional  alcohol  and  the  latter  is  a dlol. 

A change  in  the  reaction  procedure  that  is  suggested  by  these  re- 
sults is  the  method  of  quenching;  methanol  is  not  desirable.  The  dioxane 
might  be  formed  by  back-biting  of  the  active  cationic  end  of  the  polymer, 
and  this  reaction  could  be  reduced  by  not  allowing  the  mixture  to  warm  be- 
fore it  is  quenched.  The  reaction  was  therefore  carried  out  again  for  a !«- 
rlod  of  3 minutes  at  -70°,  and  it  vas  terminated  by  the  addition  of  solid  so- 
dium bicarbonate.  No  starting  material  remained.  Column  chromatography  se- 
peurated  the  polymer  mixture  into  three  components,  with  molecular  weights, 
in  the  order  of  elution,  of  570,  IO7O  and  1800.  The  570  fraction  contained 
a small  amount  of  2,5-bis(2-fluoro-2,2-dinitroethoxymethyl)-l,U-dloxane  but 
the  bulk  of  the  sample  has  not  been  identified.  The  1070  fraction  showed  an 
equivalent  weight  by  the  sllylation  method  of  9^0,  and  the  material  is  there- 
fore monofunctional.  The  18OO  fraction,  on  the  other  hand,  vas  found  to  have 
an  equivalent  weight  of  93^ > cind  is  therefore  a dlol.  Thus,  an  oligomeric 
diol,  in  a molecular  weight  range  suitable  for  polyurethanes,  may  be  pre- 


1: 


i 


F ' 


pared  and  isolated  from  this  energetic  and  readily  available  epoxide.  Fur- 
ther work  is  in  progress  to  determine  optimum  conditions  for  naxlmum  yield 
and  molecular  weight  of  this  product. 

We  reexamined  briefly  the  use  of  boron  trlfluorlde  etherate  to 
obtain  a direct  comparison  of  this  catalyst  with  phosphorous  pentafluorlde. 

The  reaction  of  2-fluoro-2>2-dlnitroethyl  glycidyl  ether  in  methylene  chlo- 
ride with  10  mole  percent  boron  trifluoride  etherate  at  room  temperature  was 
complete  within  minutes.  Only  low  molecular  weight  product  was  obtained, 
as  indicated  by  TLC.  When  this  reaction  was  carried  out  with  1 mole  percent 
boron  trlfluorlde  etherate  for  5 days,  a small  amount  of  starting  material  still 
remained,  and  the  same  type  of  low  molecular  weight  product  was  obtained.  With 
6 mole  percent  of  boron  trifluoride  etherate  the  starting  material  was  consumed 
over  20  hrs  at  room  temperature,  and  the  same  mixture  was  obtained. 

The  copolymer! zatl on  of  the  epoxide  and  oxetane  was  attempted 
first  using  the  conditions  that  were  effective  for  the  homopolymerization  of 
the  epoxide,  the  more  reactive  coisponent.  When  equimolar  amounts  of  2-fluoro- 
2,2-dlnltroethyl  glycidyl  ether  and  3-Tluoro-3-nitrooxetane  in  methylene  chlo- 
ride were  treated  at  -78^0  with  a catalytic  amount  of  phosphorous  })entafluo- 
rlde,  no  reaction  occurred.  The  conditions  that  gave  oxetane  polymer  were 
then  applied  to  the  copolymerization.  When  a 2:1  mixture  of  3-fiuoro-3>nitro- 
oxetane  and  2-fluoro-2,2-dlnltroethyl  glycidyl  ether  in  methylene  chloride  at 
room  temperature  was  reacted  with  excess  phosphorous  pentafluorlde,  there  was 
obtained  a mixture  of  both  homopolymers  and  a copolymer.  These  components 
were  separated  by  their  solubility  properties;  the  copolymer  was  soluble  in 
acetone  and  Insoluble  in  methylene  chloride,  whereas  the  epoxide  i>olymer  was 
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soluble  in  both  solvents  and  the  oxetane  ix>lyDer  vas  Insoluble.  The  osmome- 
trlc  molecular  veight  of  the  copolymer  vas  1200.  The  units  of  the  copolymer 
derived  from  epoxide  and  oxeteme  are  easily  distinguishable  by  fluorine  NMR 
and  were  in  the  ratio  1:8.  The  theoretical  molecular  veight  of  a polymeric 
diol  containing  one  epoxide  and  eight  oxetane-based  units  is  1196,  shoving 
that  each  polymer  molecule  contains  one  epoxy  unit.  These  copolymerization 
results  are  preliminary,  but  it  is  apparent  that  the  incorporation  of  a smEill 
amount  of  comonomer  can  result  in  substantial  changes  of  solubility  proper- 
ties and  melting  point. 
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III.  Experimental 


2-Fluoro-.3-methoxy-2-nltro-l-PTOpanol.  To  20  ml  of  a 1.0  M solution  of 


potassium  methoxlde  In  methanol  vas  added  2.93  8 (lO.O  mmol)  of  2-fluoro-3- 
hydroxy-2-nltro-l-propyl  p-toluenesulfonate.  After  the  mixture  vas  stirred 
at  room  temperature  for  30  “in#  the  resulting  precipitate  vas  filtered  and 
vashed  vlth  methanol.  The  methanol  vas  removed  ^ vacuOj  and  the  residue  vas 
taken  up  In  10  ml  of  vater.  The  aqueous  solution  vas  extracted  vlth  CH2CI2 
(3  X 15  ml)  and  ether  (2  x l4  ml).  The  aqueous  solution  vas  then  adjusted  to 
pH  6 with  HCl  and  extracted  vlth  ether  (2  x 15  ml).  The  combined  organic  ex- 
tracts vere  dried  over  sodium  sulfate  and  stripped  ^ vacuo  to  leave  O.913  G* 
This  residue  vas  chromotographed  on  U5  g of  silica  gel,  vlth  50  ml  of  €^2^121 
25  ml  of  99!l>  25  ml  of  97»552.5,  and  then  with  65O  ml  of  95^5 
acetate.  The  last  300  ml  of  eluent  contained  0.538  8 (35-2^)  of  2-fluoro-3- 
metboxy-2-nltro- 1-propanol.  Vacuum  distillation  gave  an  analytical  sample: 
b.p.  92-93°  (0.27  mm);  proton  NMR  (CDCl,)d2.92  (broad  s,  1 H,  -OH),  3.43  (s, 

3 H,  -OCS,),  and  3.8  to  4.3  ppm  (m,  4 H,  -CHp-fc-CHo);  fluorine  NMR  (CDCl,)  i 
° NO2  ^ 

140.4  (quintet,  J=l6  Hz);  IR  (CHgClg)  363O  (-0H),  1570,  1355  (-MOg),  IO6O 

ea*^  (C-F). 

Anal.  Cblcd  fc  q^H3NP0^:  C,  31*39;  H,  5.27;  N,  9.I5.  Found:  C,  31*50; 
H,  5*01;  M,  8.95* 

Dimethyl  (2-Fluoro-2-nitroethyl)malonate  and  Dimethyl  (2-fluoro- 


hydroxy-2- nltropropyl ) malonate . To  1.32  g (lO.O  mmol)  of  dimethyl  nalonate 
In  20  ml  of  dimethyl  formamlde  vas  added  0.25  6 (lO.O  mmol)  of  sodium  hydride. 
The  solution  vas  cooled  to  room  temperature  and  O.586  g (2.0  mmol)  of  2-fluoro- 
3-hydroKy-2-nltro-l-propyl  p-toluenesulfonate  vas  added.  After  17  hrs,  the 
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reaction  mixture  was  diluted  with  l8o  ml  of  water  and  then  was  extracted  with 
methylene  chloride  (3  x 25  ml)  and  ethyl  acetate  (2x  25  ml).  The  solvents 
were  then  removed  at  55°  (3  mm)  and  32°  (0.2  mm).  The  0.6  g residue  was  chro- 
matographed on  25  g of  silica  gel  (methylene  chloride- ethyl  acetate)  to  give 


0.100  g (22. k^)  of  dimethyl  (2-fluoro-2-nltroethyl)malonate:  proton  KMR  (CDd^) 


S2.U  to  3.1  (m,  2 H,  (Hg),  3-60  (t,  J-7  Hz,  1 H,  ®(002Me)2),  3-75  (s,  6 H, 


OC^Me),  and  5.83  ppm  (d  of  t,  J=50  and  5 Hz,  1 H,  H-b  );  fluorine  (CDdo)  0 

1*02 


IU6.O5  ppm  (d  of  t,  J«50  and  20  Hz);  IB  (CE2d2)  17^0  (OO2M3),  1575,  1340  (NCp), 


-1 


1060  cm  (C-F).  Further  elution  gave  0.026  g v5*15^)  of  dimethyl(2-fluoro-3-hy- 
droxy-2-nltropropyl)malonate;proton  NMR  (CDd3)j5  2.6  to  3.I  (m,  3 H,  g;2-CH 
(<X^lfe)2and  -OT),  3.53  (a,  1 H,  CH(002Me)2),  3-73  (s,  6 H,  002Me),  and  3.8  to 
^•5  ppm  (m,  2 H,  -CEqOH);  fluorine  MMR  (CDdj)  (|>  134.8  (quintet,  J=l6  Kz);  IR 
(CHgdg)  3620  (-0B),  17U0  (OOgMe),  1570,  1350  (-NO2},  IO80  cm"^  (C-F). 

l,3-Bis(2-fluoro-2,2-dinitroethoxy)-2-fluoro-2-nltropro-pane.  Potassium 
hydroxide,  O.665  g (lO.O  max>l)  was  euided  with  ice  cooling  to  g (lO.O 

mmol)  of  2-fluoro-2,2-dinltroethanol  in  15  ml  of  2:1  dloxane- formalin  and 
1.013  g (2.5  mmol)  of  2-fluoro-2-nltro- 1,3-propylene  ditrlflate  was  added. 

The  temperature  rose  to  32°C  over  6 minutes,  and  the  pH  dropped  from  11  to 
6.  After  1 hr,  the  solvent  was  removed  ^ vacuo,  cwd  the  residue  was  taken 
up  in  5 ml  of  water  and  extracted  with  50  ml  of  1:1  carbon  tetrachloride- 
methylene  chloride  in  three  portions.  The  organic  extract  was  washed  with 
water,  dried  over  sodium  sulfate  and  stripped  of  solvent  to  give  0.6U  g of 
a 3:1  mixture  of  the  bis  and  mono  ethers.  Chromatography  on  25  g of  silica 
gel  (2:1  methylene  chloride  - Skelly  F)  gave  0.222  g (21.6^)  of  l,3-bi8(2- 
fluoro-2,2-dlnltroethoxy)-2-fluoro-2-nitropropane.  Crystsdllzation 
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froa  ■ethylene  chloride  - Shelly  F afforded  an  analytical  sample:  mp  ^2^; 

proton  NMR  (9:1  C3)Cl,-acetone-Dg) <^4.2  (d,  J-l6  Hz,  4 H,  -C82-9-^2~)« 

Nop 

nog 

4.70  ppm  (d,  J-16  Hz,  4 H,  F-6-CH2);  fluorine  NMR  (9:1  CDd^-acetone-D^)  6 

liOg 

109«4  (broad,  2 F)  and  13d.7  PPm  (quintet,  J>l6  Ez,  1 F),  d2^«l«709;  IR  (CS2CI2) 

1600,  1320  cm"^  (NO^). 

Anad.  Chlcd  for  C^HgF2N^022:  C,  20.4$;  H,  I.96;  N,  17«03«  Found:  C, 
20.47;  H,  I.90;  N,  16.70. 

3-Hydroxy-2-hydroxyiaethyl-2-nltro-l-propyl  trlflate  and  2-Hydroxyiaethyl- 
2- nltro- 1,3- propylene  dltrlflate.  A solution  of  1.9  ml  (U.O  nmol)  of  trlfllc 
anhydride  In  1$  ml  of  9:1  ether-ethyl  acetate  vas  added  dropwlse  over  1$  min 
at  18-21^  (ice  cooling)  to  a solution  of  l.$l  g (lO.O  mmol)  of  2-hydroxy- 
■ethyl-2-nltro-l, 3-propanedlol  and  0.90  ml  (U.O  mmol)  of  pyridine  In  30  ml 
of  1:1  ether-ethyl  acetate.  The  reaction  mixture  vas  stirred  for  1 hr  (vater 
bath  cooling)  and  the  precipitate  vas  vashed  vlth  ether  and  the  ether  vas 
■trli^d  ^ vacuo  to  leave  3*7  g of  a yellov-green  mobile  syrup.  This  mate- 
rial vas  chromatographed  on  111  g of  silica  gel  vlth  4:1  methylene  chloride- 
ethyl  acetate  to  give  O.67I  g (l6.2^)  of  2-hydroxyiaethyl-2-nltro-l,3-propy- 
lene  dltrlflate  auad  1.2$8  g (44.4^)  of  3-hydroxy-2-hydroxymethyl-2-nltro-l- 
propyl  trlflate.  An  analytical  sanQ)le  of  the  former  vas  recrystalllzed  from 
■ethylene  chloride:  iqp  $6-$7°i  proton  NMR  (C3301^)(^2.70  (broad  s,  1 H,  -OH); 
4.0$  (s,  2 H,  CSgGH)  and  4.90  ppm  (s,  4 H,  CS203O2CF^);  fluorine  NMR  (CDCl^) 

+ 72.4  (•). 

Anal.  Chlcd  for  C^F^NSO^:  C,  17.36;  B,  I.70;  N,  3.37.  Found:  C, 
18.59;  H,  1.75;  H,  3.64. 
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An  analytical  sample  of  3-hydroxy-2-hydroxyoethyl-2-nltro- 1-propyl 
trlflate  was  recx^stalllzed  from  methylene  chloride  - Skelly  F:  mp  72-73°; 
proton  HMR  (acetone-I^)  ^4.03  {b,  U H,  CS2OB),  k.k^  (b,  2 H,  -C3IH),  and  5*10 
ppm  (a,  2 H,  (S20S(^CP3);  fluorine  NMR  (acetone-Dg)  ^ 7*^*8  (a);  IR  (CDd^) 
3615  (-0H),  1560,  1360  (-NOg),  1420,  1225,  1150,  870  (-OSOgCFj),  and  98O  cm"^ 

(c-y). 

Anal.  Oalcd  for  C^E^^NSOj:  C,  21.21;  H,  2.85;  N,  4.95.  Found;  C, 


21.02;  H,  2.8I;  N,  4.76. 


yl)oxazolldone.  To  1.47  6 


(10.0  mmol)  of  4,4-bl8(hydroxymethyl)oxaxolldone  in  15  ml  of  pyridine  vas  ad- 
ded, dropwlse  over  35  min  at  5°C,  I.9I  g (lO.O  mmol)  of  p-toluenesulfonyl 
chloride  in  15  ml  of  pyridine.  After  the  solution  vas  stlnred  2-1/2  days  at 
room  temperature,  it  vas  jxjured  into  3OO  ml  of  ice-vater.  The  off-vhlte  pre- 
cipitate vas  filtered  and  vashed  vlth  vater  and  ethanol  to  give  1.48  g (49.1^) 
of  crude  product.  Crystallization  from  acetone  gave  a vhlte  solid:  mp  1&7°; 
proton  HMR  (DMSO-Dg) ^ 2.38  (s,  3 H,  CH3),  3.30  (d,  J=6Hz,2  H,  CBgOH),  3.93  (s, 
4 H,  082),  5.07  (t,  J=6  Hz,  C®),  and  7*2  to  7*7  PPm  (m,  5 H,  and  NH). 

2-Fluoro-2-nltro-3-trimeth,vl3llyloxy- 1-propyl  Trlflate.  Trlmethylsllyl 
chloride  (l.O  ml)  vas  added  to  a solution  of  0.128  g (O.47  mmol)  of  2-Fluoro- 
3-hydraxy-2-nltro- 1-propyl  trlflate  in  2,0  ml  hexamethyldisilazaine.  After 
2 hra,  a vhlte  precipitate  vas  filtered  and  vashed  vlth  methylene  chloride. 
Volatile  material  vas  removed  ^ vacuo  to  leave  2-fluoro-2-nitro-3-trlmethyl- 
sllyloxy-1- propyl  trlflate  as  a yellov  oil:  proton  NMR  ( CClk)  ^ 0.12  (s,  9 H, 
-SlMe3),  3-98  (d,  J«l4  Hz,  2 H,  CHgOSiMej),  and  4.85  PPm  (d,  J*l4  Hz,  2 H, 
02080^ CFj);  fluorine  NMR  (CCl;^)  139*7  (quintet,  J-l4  Hz). 
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l,3-Bl8-(trliiiethylsllyloxy)-2-fluoro-2-DltropropaDe.  A mixture  of 
0.69^  g (^.0  mmol)  of  2-fluoro-2-nltro-l,3-propanedlol,  .0^0  g of  ammonium 
sulfate,  13  ml  of  hexamethyldlsllazane,  and  19  ml  of  ether  vas  stirred  at 
room  ten^rature  for  30  minutes,  and  heated  at  reflux  for  1 hr.  Removal  of 
volatile  material  ^ vacuo  at  45°C  gave  1.420  g (93* 75^)  of  crude  l,3-bi6- 
(trliaethylsllyloxy)-2-fluoro-2-nitropropane;  proton  RMR  (CDCLj) <f  O.15  (s, 

18  H,  Silfej);  3.9  to  4.4  ppm  (m,  4 H,  CH2);  fluorine  NMR  (CDCI3)  (j)  141.2 
(quintet,  J»l4  Hz). 

Trimethylsilylation  of  3-(2-fluoro-2,2-dinitroethyloxy)-l, 2-propane- 
diol. A solution  of  0.228  g (1.0  mmol)  of  3-(2-fluoro-2,2-dlnltroethyloxy)- 
1,2-propanedlol  in  9 ml  of  1,2-dichloroethane  vas  heated  at  reflux  for  2 hre 
vlth  2 ml  of  hexamethyldlsllazane  and  0. 9 ml  of  trlmethylsilyl  chloride.  The 
volatile  material  vas  removed  ^ vacuo  at  50°C  to  leave  O.357  g of  3-(2-fluoro- 
2,2*dlnltroethoxy)-l,2-bls(trimethyl8ilyloxy)propane) : proton  KMR  (':7DC1^) 
^0.13  (s,  18  H,  SIMbj);  3.3-3.9  (m,  5 H,  O-CSg-CS-CHg-O);  4.57  PPs  J=17  Hz, 
2 H,  CH2CF(  1102)2). 

Polymerization  of  2-fluoro-2,2-dinltroethyl  glycldyl  ether  vlth  pho«?pho- 
rous  pentafluoride.  A.  To  a solution  of  I.05  g (5.0  mmol)  of  2-fiucro  •2,2-di- 
nltroethyl  glycldyl  ether  in  11  ml  of  methylene  chloride  in  a nitrogen  atmos- 
phere at  -7d°C,  a catalytic  amount  of  phosphorous  i>entsfluoride  vas  added  in 
the  gas  phase.  After  5 min,  the  cooling  bath  vas  removed,  suid  I5  min  later 
the  reaction  mixture  vas  quenched  vlth  2 ml  of  methanol.  The  reaction  mix- 
ture vas  stirred  an  additional  5 minutes,  and  solvents  vere  then  removed  in 
vacuo  to  give  1.057  g of  a colorless  syrup.  The  molecular  veight  of  this 
crude  polymer  mixture,  as  determined  by  vapor  pressure  osmometry  (ethyl  ace- 
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t»te,  35°C)  was  560. 

A 0.7^  g aliquot  of  the  mixture  vas  chromatographed  on  ^2  g of  silica 
gel  (methylene  chloride -ethyl  acetate)  to  give.  In  the  order  of  elution,  a 
0.174  g fraction  of  molecvilar  weight  380,  a 0.121  g fraction  of  molecular 
weight  730,  and  a 0.122  g fraction  of  molecular  weight  1100. 

The  MW  380  material  was  tentatively  Identified  as  2,5-bls(2-fluoro-2,2- 
dlnltroethyloxymethyl)-l,4-dloxane:  proton  NMR  (CDd^)^  3*0-4.0  (m,  5 H,  -CHg 
CH-ORg-O-),  and  4.47  PPm  (d,  2 H,  J=17  Hz,  0-CH2-C(F)(N02)2).  The  MW  730  mate 
rial  appears  to  be  a trlmer,  ^Ich  Is  capped  on  one  end  by  a methoxy  group: 
proton  NMR  (CDCl^)*^  3*l-4.0  (m,  15  H,  -CHg-CH-CIIg-O;  3 H,  -OCH^),  4.52  ppm 
(d,  J-I7  Hz,  6 H,  -C-CH2-C(P)(^2)2^*  1100  MW  fraction  was  assigned  the 

oligomeric  dlol  structure:  proton  NMR  (CDCl^) «^3-2-4.1  (m,  5 H,  -CHg-CH-CHg- 
0-),  and  4.55  ppm  (d,  J=17  Hz,  2 H,  -0-CH2-C(F)(N02)2)- 

The  MW  730  material  was  dissolved  In  5 ml  of  1,2-dlchloroethane,  and 
2 ml  of  hexamethyldlsllazane  and  O.5  ml  of  trlmethylsllyl  chloride  were  ad- 
ded. After  the  solution  was  refluxed  for  2 hrs  volatile  material  was  removed 
In  vacuo.  The  resulting  residue  was  then  dried  at  high  vacuum  for  several 
hours.  Integration  by  NMR  of  the  sllyl  hydrogens,  compared  to  an  Internal 
quantitative  standard  (benzene)  or  congpejred  to  the  2-fluoro-2,2-dlnltroethyl 
methylene  protons,  showed  that  the  original  alcohol  had  eui  equivalent  weight 
(per  hydroxyl)  of  725.  ^e  MW  1100  material  was  shown  by  this  procedure  to 
have  an  equivalent  weight  of  585 • 

B.  To  a solution  of  O.525  g (2.5  mmol)  of  2-fluoro-2,2-dlnltroethyl  glycldyl 
ether  in  5*3  ml  of  methylene  chloride  at  -78^0,  under  nitrogen,  a catalytic 
amount  of  phosphorous  pentafluoride  was  added  In  the  gas  phase.  After  5 min. 


22 


the  reaction  vae  quenched  with  solid  sodium  bicarbonate.  The  cooling  bath 
was  renoved,  and  after  a short  period  of  stirring  the  reaction  mixture  was 
filtered.  Removal  of  the  methylene  chloride  ^ vacuo  left  0.^0  g of  a color- 
less syrup> 

This  material  was  chromatographed  on  2^  g of  silica  gel  (methylene 
ohlorlde-ethyl  acetate)  to  give  a 0.182  g froctlon  of  MW  (VPO)  570,  a 0.107  & 
fraction  of  MW  1070,  and  a O.IO8  g fraction  of  MW  1800.  The  MW  ^^0  fraction 
was  shown  by  TLC  (methylene  chloride)  to  contain  some  2,5-ble(2-fluoro-2,2- 
dinltroethoxymethy.l)-l,4-dloxane.  The  MW  1070  fraction  had  an  equivalent 
weight  by  silylaticn/NMR  of  9^0,  and  the  MW  1800  fraction  had  an  equivalent 
weight  of  935. 

Polymerization  of  2-fluoro-2,2-dinltrot?thyl  glycldyl  ether  with  boron 
trlfluorlde  etherate.  A.  To  I.06  g (5.O  mmol)  of  2-fluoro-2,2-dinltroethyl 
glycldyl  ether  (which  had  been  dried  by  passage  tlirough  a column  of  neutral 
alumina)  In  ml  of  methylene  chloride  (also  dried  by  passage  through  a col- 
umn of  neutral  alumina  followed  by  storage  over  5A  molecular  sieves)  was  ad- 
ded, under  nitrogen,  0.062  ml  (O. ^ mmol)  of  distilled  boron  trlfluorlde  ether- 
ate. After  3^  minutes  at  room  tenqierature,  TLC  (methylene  chloride)  Indica- 
ted only  a trace  of  the  glycldyl  ether.  After  U3  min,  solid  sodium  bicarbon- 
ate was  added.  The  reaction  mixture  was  filtered,  and  the  solvent  was  re- 
Btoved  vacuo  to  leave  1.043  g of  a colorless  syrup.  As  indicated  by  TLC, 
this  material  was  a mixture  of  2,3-bis(2-fluoro-2,2-dinlt]^>ethyloxymethyl)- 
l,U-dloxane  and  the  low  molecular  weight  oligomer  (MW  370)  described  above. 

B.  To  1.06  g (5.0  nnx>l)  of  2-fluoro-2,2-dinltroethyl  glycldyl  ether  In  3«fl 
sd  of  methylene  chloride  (both  coiqponents  dried  as  indicated  above)  was  added. 


\ 


I 

t 


I 


I 


I I 


» 


under  nitrogen,  0.006  ol  (O.O^  mnol)  of  boron  trlfluorlde  etherate.  After 
a 3 day  reaction  period  at  room  temperature,  TLC  (methylene  chloride)  still 
indicated  the  presence  of  some  starting  material.  Solid  sodium  bicarbonate 
was  added.  The  reaction  mixture  was  filtered,  and  the  methylene  chloride 
was  removed  ^ vacuo  to  leave  O.872  g of  a colorless  syrup.  The  TLC  of  this 
material  was  the  same  found  for  the  above  reaction  utilizing  10  mole  percent 
boron  trifluoride  etherate. 

Oopolymerization  of  2-fluoro-2,2-dlnltroethyl  glycldyl  ether  and  3- 
f luoro- 3- nl trooxetane . A.  Phosphorous  pentafluorlde  was  bubbled  into  a so- 
lution of  0.260  g (2.15  mmol)  of  3- 'luoro- 3- nl trooxetane  and  0.210  g (l.O 
mmol)  of  2-fluoro-2,2-dinltroethyl  glycldyl  ether  in  ^ ml  of  methylene  chlo- 
ride, under  nitrogen,  until  no  more  precipitate  was  formed.  After  5 minutes, 
the  reaction  was  quenched  with  2 ml  of  methonol.  After  an  additional  5 min- 
utes, the  precipitate  was  filtered  and  was  washed  with  methylene  chloride. 

Removal  of  the  filtrate  ^ vacuo  left  0.299  g of  a brown  syrup.  The  preclpl-  ^ 

tate  was  extracted  with  29  ml  of  acetone,  leavizig  O.07O  g of  Insoluble  oxe-  I 

tane  homopolymer  (RMR  identification).  Removal  of  the  acetone  ^ vacuo  left  | 

0. 111. g of  copolymer  as  a white  solid:  m.p.  176-l80°C;  MW  (VPO;  DMF,  65°C)  ! 

IfOg 

1200;  fluorine  NMR  (DMF)  (|  109  (m,  1 F,  f-F),  and  l40  ppm  (m,  0 F,  CFNOg). 

HOg 
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Appendix  A 


Miducl  Reaction  of  Methylenemalonates  with  Nitro 
Compounds' 

Kurt  Allen  M.  Glest 

Fluorochem  Inc,  Aruu.  Ca'  omu  91702.  L'3.A. 


HjC-CHlNOjIj  ♦ HjC=C(C00CHj)2 


H^-ClNO,)j 

CMj-CHICCXJCHjlj 


The  Michael  reaction  of  methylenemalonaie  esters  is  poten- 
tially useful  for  utrotiucing  difunciionaliiy  to  organic  com- 
pounds with  acidic  hydrogen  atoms.  The  only  reported 
example  of  this  reaction  is  the  addition  of  diethyl  malonate 
to  diethyl  methylenemalonate  m the  presence  of  potassium 
hydroxide  or  pipendine*' and  this  reaction  was  compli- 
cated by  further  reaction  of  the  1:1  adduct  with  diethyl 
methy  leneraalonate. 


The  addition  of  fluorodinitromethane  to  methylenema- 
lonates was  earned  out  in  ether  solution  in  the  presence 
of  catalytic  amounts  of  pyridine.  Dieihy!  2-fluoto-2  2-dini- 
troethylmalonate  and  dimethyl  2-nuoro-2.2-d!nitri.'nieihyi- 
malonate  were  obtained  m yields  of  S2  “ o and  o3  respecti- 
vely. 

F-CH(N02)2  ♦ H2C=C(C00R)2 


2 fCiHsOOCl2CH2  * H2C=C(C00C2H5)2 
— ■ IC2MsOOC)2CH-CH2-CH1COOC2H5)2 

jy-ClCOOC,M,),^  IC2HsOOC)2CH-CH2-C|COOC2H5)2 

<1h2-CH(COOC2Hs12 

This  multiple  addition  is  a potential  difTiculty  with  any 
Michael  reaction  of  a methylenemalonate.  arising  from  the 
fact  that  the  product  is  a monosubstiiuted  malonate  with 
an  acidic  hydrogen  atom.  We  now  wish  to  report  selective 
additions  of  nitro  compounds  to  methylenemalonate  esters. 

The  addition  of  nitroform  to  diethyl  methylenemalonate 
was  carried  out  by  mixing  the  reagents  in  aqueous  methanol 
at  0-5*  and  allowing  the  reaction  to  proceed  at  ambient 
temperature.  87  °o  yield  of  diethyl  2.2.2-trinitroethylma- 
lonate  was  obtained.  Nitroform  is  a strong  acid  and  is  sufTi- 
ciently  ionized  that  added  base  is  generally  not  required 
to  promote  Michael  reactions*  ’. 

The  reaction  of  l.I-dinitroethane  with  methylenemalonates. 
however,  did  not  take  place  under  these  conditions:  this 
nitro  compound  is  comparable  in  acid  strength  with  carboxy- 
lic acids.  The  addition  of  triethylamine  to  an  ether  solution 
of  1,1'Klinitroethane  and  dimethy  l methylenemalonate  at  0“ 
resulted  in  the  formation  of  dimethyl  Z.2-dmitropropy  lma- 
lonate  in  72  V.  yield. 


F-C(N02l2 

R.CM,,C,H,  CH2-0M(C00R)2 

Attempts  were  also  made  to  prepare  ihrse  compou.ids  from 
alkaline  2-nuoro-2.2-diiiitroethanol.  Thi.-.  reagent  is  iii  equili- 
brium with  thej/uorodmitroraeth  me  anion  and  foriii.dde- 
hyde  and  the  mixture  has  been  used  to  synthesuc  0 jorodini- 
iromethane  adducts  of  Michael  acceptors,  such  as  acr.  lates’. 
Under  these  conditions,  methyierienvafonates  gave  complex 
product  mixtures  indic.itive  of  further  reaction  of  the  initial 
product  with  methylenemalonate. 

Dicihy'l  2.2.2-TriiiitrM(hylmaloiute; 

Freshly  distilled  diethyl  methylcpcmaioiiaie'  * tSOg.  O.LV*omol) 
IS  added  dropwise  with  surring  over  a 10 min  reriod  to  a volution 
of  nitroform  |lbg.  0.1  moll  in  water  12.*!  mil  and  methanol  i40ml) 
at  0-5*.  The  mixture  is  stirred  for  Ibh  at  room  temperature 
and  IS  then  extracted  with  dichlorometiiau-:  i ttX.'  mil.  The  dicnloro- 
methane solution  is  washed  with  10  sodium  hydrogen  carhonate 
and  with  water,  dned  ever  sc>dium  sulfate,  and  stripped  of  solvent 
under  vacuum.  Column  chromuiocrapitv  or  silica  eel  i2lX)g. 
eluent:  CCU  CHjCljl,  filtration  through  chaicoal.  and  removal 
of  solvent  gives  dicthvi  2.2,2-tnnittoeihylnialonaie;  vield;  13.0g 
m.p.  24 -25*. 

C,Hi,N,0,o  calc.  C33  44  H 405  N !*.00 
(32}.2)  found  33.36  3.80  12.92 

I.R.(ncall:  iw., - 1 730  (C’"Oh  1600cm''  (NOj). 

'H-N.M.R.  (CDCIjl;  .i-4.23  (q,  y-7Hz.  -CU.CMii:  3 .80  (m. 
3H.  >Cy-Cb.-»;  1.33  ppm  (U6H.  -CH^Cy,) 
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Dimediyl  2.2-DiiiiiroprapylmaloDale: 

Triethylamine  is  added  dropwise  to  t.l-dimiroethane  (1.6  g. 
0.01 33  moll  in  ether  (15  mil  at  0“,  until  the  yellow  coloration 
penists  in  the  solution.  The  solution  is  allowed  to  stand  for 
t b at  ambient  temperature  and  is  then  washed  with  10  “•  sodium 
hydrogen  carbonate.  1 normal  hydrochlonc  acid,  and  water.  The 
solution  is  dried  over  sodium  sulfate  and  the  solvent  removed 
under  vacuum.  Column  chromatography  on  silica  gel  (t(X)g, 

eluent.'CCU/  CHjCIjland  recrystallization  of  the  product  (dichlor- 
omethane/hexane,  —78*1  gives  dimethyl  2.2-dinitropropylma- 
loiute  as  a white  crystalline  solid;  yield:  1.9 g (72%);  m.p.  44*. 
CiHiiNjO,  calc.  C36J7  H4.58  N 10.60 

(264.2)  found  36.66  4.61  10.52 

LR.(neat):  v«.»l730  (C-»0);  t570cm*‘  (NOj). 

‘H-N.M.IL  (CDCj):  <>-3.75  (s.  6H.  OCHj);  3.1-3.5  (m,  3H. 
>CB-CH,— );  113 ppm  (s.  3H.  >C— CH,). 

Diclkyl  2-FI«>n>'12-dioilroelbylmaloiiatc: 

Pyndine  (0.1  mol)  is  added  over  a 5 min  period  to  a solution 
of  diethyl  methylenemalonate  (8.0  g,  0.0)7  mol)  and  fluorodinitro- 
aetbane*  (7.0  g.  0.056  mol)  in  ethen60  ml  i at  - 8*  and  the  mixture 
is  stirred  at  ambient  temperature  fur  30  min.  The  solution  is 
washed  with  10  *•  sodium  hydrogen  carbonate  and  with  water, 
dried  over  sodium  sulfate,  and  stripped  of  solvent  under  vacuum. 
Column  chromatography  on  silica  gel  (200  g:  eluent; 
CCU/'CHjCl])  gives  diethyl  2-nuoro-2.2-dinitroethyimalonate  as 
a pale  yellow  oil;  yield:  11.4g  (82  %). 

CfHiiFNjOf  calc.  C 36.49  H 4.42  N 9.46 

(296.2)  found  36.76  4.29  9.70 

IJL  (neat);  »,..-l730  (C=0):  1600cm-'  (NO;). 

(CDCIj).  <>-4.20  «}.  4a  y- 7 Hi  — CtJiCHj);  3.2- 
3.6  (m.  3H,  — CH,— CH<);  1.30ppm  (t,  6H,  J-7Hi  — 
CHiCb,). 

••F-N.M.R.  (CDClj/CCljF);  5- 103.72  ppm  (br  s). 

Dimelbyl  2-Fli»to-2,2-dioitnietbylmaloaile: 

Tbe  above  procedure  using  dimethyl  methylenemalonate  gives 
dimethyl  2-nuoro-2,2-dioilroethylmalonate  as  a pale  yellow  oil; 
yield:  63*«. 

C,H,FN,0,  calc.  C 31.35  H 3J8  N 10.45 
(268.1)  found  31.70  3.37  11.04 

LR.  (neat);  v,..-1730  (C—O):  IbOOcm*'  (NO;).  • 

‘H-N.M.R.  (CDCl;):  <5-3.75  (s.  6H,  CH;);  3.2-3.6ppm  (m.  3a 
~CHj-CH<). 

Received:  November  21, 1978 


' This  work  was  supported  by  the  OlTice  of  Naval  Research. 
’ H.  Meerwein.  W.  Schilrmann.  Justus  Liebigs  Ann.  Chem.  398. 
214(1913). 

’ K.  N,  Welch,  J.  Chem.  Soc.  1930.  257. 

* L A.  Kaplan.  J.  Org.  Chem.  29.  2256  (1964). 

’ H.  Feuer,  E.  H.  White.  S.  M.  Pier.  J.  Org.  Chem.  26.  1629 
(1961), 

* V.  Grakauskas.  K.  Baum.  J.  Org.  Chem.  34.  3927  (1969). 

' G.  B.  Bachman.  H.  A.  Tanner.  J.  Org  Chem.  4.  493  (I9j9|. 
' A.  Sakurai,  H.  Midorikawa.  S.  Aoyama.  J.  Set.  Research  !n.sr 
(Tokyo)  52.  112  (1958);  C.  .4.  53.  15961  (1959). 

* K.  Baum,  J.  Org.  Chem.  35,  846  <1970,. 


» 


27 


I 


DISTRIBUTION  I.IST 


Office  of  Naval  Research 
Code  U73 

Arlington,  VA  22217 
Attn:  Dr.  R.  Miller 

Office  of  Naval  Research 
San  Francisco  Area  Office 
One  Hallidie  Plaza  - Suite  60I 
San  Francisco,  California  9*+102 
Attn;  Dr.  P.  A.  Miller 

Office  of  Naval  Research  Branch  Office 
1030  East  Green  Street 
Pasadena,  Gh,1iforn.ia  9IIO6 
Attn:  Dr.  R.  Marcus 

Office  of  Naval  Research  Branch  Office 
536  S.  Clark  Street 
Chicago,  Illinois  60605 
Attn;  Di*.  J.  Smith 

Office  of  Naval  Research  Branch  Office 
>+95  Summer  Street 
Boston,  m 03310 
Attn:  Dr.  L.  Peebles 

Defense  Documentation  Center 
Bldg  5 

Oameron  Station 
Alexandria,  VA  22314 

Defense  Contract  Administration  Services  Management 
Area  Pasadena 

Gateway  Towers  Bldg.,  3452  E.  Foothill  Blvd. 
Pasadena,  California  91107 


U.  S.  Naval  Research  Laboratory 
Code  2629 

Vbshington,  D.  C.  20375 


Naval  Research  Laboratory 
Code  6100 

Washii^jton,  DC  20375 


1 


Ifaval  Air  Systems  Command 
Code  33OD 

Washington,  DC  203^0 
Attn:  R.  Heitkotter 


Naval  Air  Systems  Command 
Code  4Uo 

Washington,  DC  2036O 
Attn:  Dr.  H.  Rosenwasser 

Naval  Sea  Systems  Command 
SEA-0331 

Washington,  DC  20362 
Attn:  Mr.  J.  Murrin 

Naval  Sea  Systems  Command 
SEA-0332 

Washington,  DC  20362 
Attn:  Dr.  A.  Amster 

Naval  Surface  Weapons  Center 
Research  and  Technology  Department-WR 
Silver  Springs,  MD  20910 

Naval  Weapons  Center 
Research  Department 
Code  60 

China  Lake,  CA  93555 

Naval  Weapons  Center 
Code  608 

China  Lake,  GA  93555 
Attn:  Dr.  Ronald  L.  Derr 

John  Hopkins  University  APL 

Chemical  Propulsion  Information  Agency 

John  Hopkins  Road 

Laurel,  Md  20dl0 

Attn;  Mr.  Thomas  W.  Christian 

Air  Force  of  Scientific  Research 
Directorate  of  Chemical  Sciences 
Bolling  Air  Force  Base 
Washington,  DC  20332 


29 


1 


Air  Force  Office  of  Scientific  Research 
Directorate  of  Aerospace  Sciences 
Bolling  Air  Force  Base 
Washington,  DC  20332 

U.  S.  Army  Research  Office  1 

Chemistry  Division 
P.  0.  Box  12211 

Research  Triangle  Park,  North  Carolina  27709 

AFRPL  (MKP)  1 

Edwards,  GV  93523 
Attn:  Mr.  R.  Geisler 

E.  I.  DuPont  de  Nemours  & Company  1 

Director  of  Research 

Polymer  Intermediate  Department 

Wilmington,  Delaware  I9898 

Attn:  Dr.  Bergman 

IITRI  1 

10  W.  35th  Street 
Chicago,  IL  60616 
Attn:  Dr.  A.  Tuff is 

Cordova  Chemical  Company/Aerojet  General  1 

Sacramento,  CA 

Attn:  Dr.  E.  E.  Hamel 

Lockheed  Palo  Alto  Research  Laboratory  1 

Department  52-38>  Bldg.  20U 

3251  Hanover  Street 

Palo  Alto,  CA  9i^304 

Attn:  Mr.  Frank  Borgardt 

Hercules  Inc. /Bacchus  Works  1 

Magna,  Utah  9**^044 
Attn:  Dr.  J.  Farber 

Los  Alamos  Scientific  Laboratory/WX-2  1 

P.  0.  Box  1663 

Los  Alamos,  NM  87344 

Attn:  Dr.  R.  Rogers 

Rocketdyne  Dlvlslon/North  American  Corporation  1 

6633  Chnoga  Avenue 

Canoga  Park,  C\  91304 

Attn:  Dr.  M.  Frankel  and  Dr.  K.  Crlste 


30 


